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1. Introduction 
   Surface radiation budget is one of the most important factors in the earth’s climate system.  
The changes in surface radiation as well as radiation at top of the atmosphere due to 
anthropogenic emissions of aerosols and greenhouse gases have been recently studied by using 
ground-based measurements, satellite measurements, and climate model simulations (IPCC, 
2001).  Downward shortwave radiation at the surface is complicatedly related to atmosphere 
including clouds, aerosols, water vapor and other constituents, and thus surface radiation 
measurements are important although the number of station with high quality operation is 
limited.  Calculation based on satellite cloud data can evaluate surface SW surface radiation in 
a wide area for the past two decades.  However, those calculation also has some limits such as 
plane-parallel atmosphere assumption and spatial and temporal resolution of cloud data.  It is 
therefore worthwhile to compare and comprehensively evaluate surface SW radiation among the 
various data set. 
   In the present study, we compare the monthly averaged surface SW radiation data between 
two satellite derived data set and pyranometer measurements in China for 11 years.  In addition 
to those data, SW radiation data calculated by using parameterization with meteorological data 
other than pyranometer measurements are also used to check the quality of pyranometer data.  
The pyranometer measurements need careful operation such as keeping level and clean glass 
dome as well as precise calibration.  Therefore it is quite important to compare the data 
obtained by independent methods.  After checking the quality of the pyranometer data, we will 
discuss the seasonal and long-term variations of surface shortwave radiation in China. 
 
2. Comparison of surface shortwave radiation data. 
   Ground based measurement data, i.e., pyranometer measurements and parameterization 
from meteorological data are compared with each other, and also with the 1km grid data derived 
from satellite observations.  All these data were compared month by month.  A simple lenear 
regression analysis was carried out for the comparison.   
   Chinese Meteorological Administration (CMA) has been measuring downward SW radiative 
flux at more than 120 stations in which more than 60 stations continue the measurements since 
late 1950’s or early 1960’s.  All of the data were originally acquired every hour and daily data 
were reported.  In this study monthly average data based on daily average data were used for 
the analysis.  Calibration before early 1990s was carried out every 5 year by using the Eppley 
blackbody cavity radiometer PMO-6 which is calibrated in Meteorological Research Institute, 
Japan Meteorological Agency.  Recently CMA has been directly attending the intercomparison 
with the international calibration standard of World Radiation Center in Davos, Switzerland. 
   There are several products of surface SW radiation data set derived from satellite cloud data.  
We used NASA/GEWEX SRB product provided by NASA Langley Research Center, for which 
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 the algorithm is originally based on Pinker and 
Laszlo (1992).  The SRB data used here are 
daily average and 1 degree by 1 degree in 
spatial resolution, which are calculated from 
ISCCP DX cloud data and objective analysis 
meteorological data.   
   Monthly average data of surface SW 
radiation are also obtained from operational 
meteorological data by using parameterization 
method.  The surface SW radiation is 
basically estimated with water vapor amount, 
tubidity coefficient, and sunshine duration as a 
proxy of cloud amount (Xu et al., 2005).  
   Figure 1 shows examples of the 
comparison among the three data set.  SSAT 
and SXU correspond to satellite derived data 
and parametrization data, respectively.  The 
period for the comparison is 1984-1994.  It is 
shown that satellite derived data have a 
negative bias against pyranometer data in the 
arid area Golmud (upper panel) and a positive 
bias in the large city area Shanghai (lower 
panel).  On the other hand, parametarization 
data are rather consistent with pyranometer 
data at both stations.   
   We compared pyranometer data with 
satellite derived data at 65 stations, and with 
parameterization data at 15 stations.  It is 
found from the comparison that SRB data 
overestimate SW radiation in large city areas, 
while underestimates it in desert areas.  These discrepancies are ascribed to aerosol assumption 
in the calculation of SW radiation from satellite cloud data.  Absorbing aerosols in the 
sub-cloud layer, which is not observed from space, is important for SW radiation on the surface. 
On the other hand, incorrect assumption on the aerosol loading seems to be the reason of the 
negative bias in Golmud.  Other factors for the discrepancy is effect of cloud inhomogeneity.  
However, this effect seems to be small if the cloud properties are averaged for the results 
retrieved from various viewing angle radiance data (Iwabuchi and Hayasaka, 2002). 
 
3. Seasonal and long-term variations of shortwave radiation 
   Figure 2 shows a typical distribution of shortwave radiation obtained from SRB data.  It is 
found that shortwave radiation over China has seasonal variations as follows.  In spring and 
summer, large values of SW radiative flux extend over desert and semi-desert area in the north 
part of China, whereas those in the southern part are small.  These properties are associated 
with front system.  It is inferred from ISCCP cloud analysis that low-level cloud amount is 
more important in spring rather than optical thickness, while optical thickness as well as cloud 
amount is also important in summer.  In autumn and winter, spatial variation of SW radiative 
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Fig. 1. comparison among the three data set.  SPYR, 
SSAT and SXU correspond to pyranometer data, 
satellite derived data and parametrization data, 
respectively.   
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 flux is small except for the minimum value around Sichuan basin where heavy aerosol loading 
is always observed.   
It is inferred from ISCCP cloud analyses that low-level cloud amount is more important in 
spring rather than optical thickness, while optical thickness as well as cloud amount is also 
important in summer.  It is also found that spatial variations of these cloud properties change 
year to year. 
  We retrieved cloud amount, optical thickness and effective particle radius of low-level clouds 
from NOAA/AVHRR GAC data, based on the reflection method (Kawamoto et al., 2000).   
This method basiclly uses visible and near infrared channels, by comparing the data and 
theoretical calculations.  In order to avoid the errors in the retrieval due to cloud 
inhomogeneity, data with scanning angle less than 25 degree were used (Iwabuchi and 
Hayasaka, 2002).  Results of AVHRR analysis suggest that aerosols strongly affect not only 
cloud amount but also effective particle radius and optical thickness, for example, small cloud 
particles and large optical thickness are observed around Sichuan basin corresponding to aerosol 
optical thickness distribution.  In autumn and winter, effective particle radius is smaller than 
summer. Low-level cloud system is affected by aerosols in boundary layer and thus aerosol 
indirect effects become more important.  Therefore the seasonal variation as shown in Fig. 2 
may reflect the indirect effect of aerosol. 
   Long-term variation of SW radiation was analyzed for 1971-2000 by using mainly 
pyranometer measurement data after chacking the quality of the data as dissucused above.  It is 
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Fig. 2. Shortwave sueface radiative flux in 1995 over China estimated from SRB data 
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 found from preliminary analysis that SW radiation almost all over China has a tendency to 
decrease for 1971-2000, but looks to increase in south region for 1991-2000. 
 
4. Summary 
Downward shortwave radiative flux on the surface in China were evaluated by using 
pyranometer data, calculated results by parameterization with ground-based meteorological data 
such as sunshine duration and water vapor.  The results are also compared with 
NASA/GEWEX SRB data set for 1984-1994.  These radiation data are in general consistent 
with each other for monthly average values although SRB has positive bias for large city areas 
whereas negative bias for the desert area in the west part of China.  One of the reasons for 
these biases is ascribed to inappropriate assumption of aerosols in the SRB.   
The amplitude of seasonal variation of shortwave radiation is large in the northeast region, 
while it is small and complicated, i.e., it is not a simple seasonal variation .  As for long-term 
variation of SW radiation, the decrease tendency was observed in almost all stations.  The 
synthetic analysis by using various data set should be discussed because the satellite data are 
limited after 1980s and pyranometer measurements have some difficulties in keeping quality of 
data due to the calibration and operation. 
 
Acknowledgments. 
   We would like to thank Drs. P. W. Stackhouse Jr. and S. Gupta for providing GEWEX/SRB 
data set calculated from ISCCP data. 
 
References 
IPCC, 2001: Climate Change 2001, The Scientific Basis, edited by J. T. Houghton et al., 
Cambridge Univ. Press, New York. 
Iwabuchi, H. and T. Hayasaka, 2002: Effects of cloud horizontal inhomogeneity on the optical 
thickness retrieved from moderate-resolution satellite data. J. Atmos. Sci., 59, 2227-2242. 
Kawamoto, K., T. Nakajima and T. Y. Nakajima, 2001: Aglobal determination of cloud 
microphysics with AVHRR remote sensing.  J. Climate, 14, 2054-2068. 
Pinker, R. T. and I. Laszlo, 1992: Modeling surface solar irradiance for satellite applications on 
a global scale.  J. Appl. Meteor., 31, 194-211. 
Xu, J., T. Hayasaka, K. Kawamoto and S. Haginoya, 2005:  An estimation of downward 
surface radiation over China.  J. Meteor. Soc. Japan (in press). 
135
